During the summer 1984 Marginal Ice Zone Experiment in the Fram Strait and Greenland Sea (MIZEX '84), passive and active microwave sensors on five aircraft and the Nimbus 7 scanning multichannel microwave radiometer (SMMR) acquired synoptic sequential observations which when combined give a comprehensive sequential description of the mesoscale and large-scale ice morphology variations during the period June 9 through July 16, 1984. The high-resolution ice concentration distributions in these images agree well with the low-resolution SMMR distributions. For diffuse ice edges the 30% SMMR ice concentration isopleth corresponds to the ice edge, while for compact conditions the ice edge falls within the 40 to 50% SMMR isopleths. Throughout the experiment, ice edge meanders and eddies repeatedly formed, moved, and disappeared, but the ice edge remained within a 100-km-wide zone. The ice pack behind this alternately diffuse and compact edge underwent rapid and pronounced variations in ice concentration over a 200-km-wide zone. The aircraft microwave images show the complex structures and ephemeral nature of the mesoscale sea ice morphology. The difference in oceanographic forcing between the eastern and western sectors of the experiment area generated pronounced ice morphology differences. On the Yermak Plateau, from 3øE to 10øE, the weak ocean circulation allowed the wind to be the dominant force in determining the ice morphology. To the southwest of this region, over the Molloy Deep and the Greenland continental shelf break, from 3øE to 8øW, the ice morphology was dominated by the energetic East Greenland Current with its associated eddies and meanders.
INTRODUCTION
The Marginal Ice Zone Experiment (MIZEX) field programs in the East Greenland Sea (MIZEX East) and Bering Sea (MIZEX West) studied the air-sea ice-ocean interactions occurring in these regions that strongly influence local and hemispheric weather and climate . A key aspect of these MIZ studies has been the use of satellite and aircraft remote sensing to observe the morphology of the MIZ and its temporal and spatial variations along with simulaneous meteorological and oceanographic observations. Because MIZ locations are in the dark about half the year and usually cloudy when not, the MIZEX plans put special emphasis on passive and active microwave remote sensing.
The sole satellite microwave sensor operating during the MIZEX experiments has been the scanning multichannel microwave radiometer (SMMR) on Nimbus 7, and it has provided essential large-scale ice observations. Remote-sensing 
SMMR SEA ICE DISTRIBUTIONS
The Nimbus 7 SMMR provided near-real time ice observations for an area much larger than the actual experiment region, and this information not only aided in the initial site selection and buoy deployment of MIZEX '84 but also was used in directing the microwave aircraft flights through the 38 days of flight operations. During the experiment, the SMMR was on for every even Julian day and imaged the entire sea ice cover between Greenland and Svalbard (west Spitzbergen) extending from the sea ice edge to 85øN.
These data, processed using the SMMR Team sea ice algorithm [Cavalieri et al., 1984] •.. The picture of the behavior of this summer MIZ that emerges from the SMMR maps is one of a long (,-• 800 km) ice edge upon which meanders repeatedly formed, moved, and disappeared, with all of this activity taking place in a 50-to 100-km-wide band. Behind this edge the ice pack rapidly and frequently compacted and expanded throughout a 200-kmwide zone.
MESOSCALE ICE MORPHOLOGY BY PASSIVE MICROWAVE
During the period June 9-30, the NASA CV-990 airborne laboratory mapped the MIZEX '84 experiment area seven times. A list of the aircraft instrumentation is given in Table 1, The value of the bottom of the scales was chosen to be 10 K less than the minimum radiances observed over the oceans.
The top value of the scales was chosen to be 10 K more than the maximum radiances observed over the sea ice.
The ice concentration scale for the melt (wet) cases is shown in Plate 2 to the right of the July 22 and 24 images, which were days on which all the ice was wet. The scale for frozen (dry) cases is shown in Plate 1 to the right of the June 9 and 30 images, which were days on which all the ice was frozen (dry). The situation for June 12, 18, and 26 is more complex than the above because on these days the mesoscale areas had both clear and cloudy regions, with low-level stratus and stratocumulus, and therefore wet and dry surface conditions. Thus on these days both the ice concentration scales shown in Plate 2 apply. On June 12 a stratocumulus layer covered the area in the center of the image, and the surface of the ice under it Gloersen et al. [1974] and Zwally and Gloersen [1977] estimated that the accurcy of ice concentration from ESMR radiances without a priori knowledge of surface temperatures, ice types, and atmospheric conditions is + 15%. With such knowledge, the end points of the linear interpolation are more precise, and therefore the accuracy of the concentration determination is set by the radiance interval used in the color scale. In the present case, such a priori knowledge was available from numerous observations from ships and helicopters. This means that the accuracy for estimates using the scale for dry conditions is about 10%, corresponding to the 10 color steps between the end points of the dry ice scale, while that for wet conditions is about 6%, corresponding to the 16 color steps between the end points of the wet ice scale.
The ice concentration distributions given in the passive microwave maps (Plates 1 and 2) and those given in the SMMR maps (Figures 1 and 2 ) closely agree. Figure 9 , which will be discussed later, shows temporal variation of the 50% SMMR ice concentration isopleth along 6øE and the ice edge location from aircraft observations. The aircraft ice edge is consistently 10 to 20 km north of the SMMR edge, well within the scale of the SMMR footprint (30 km).
Two aspects of the mesoscale MIZ morphology are unambiguously revealed in these mosaics, the distribution of polynyas and the complex ice structures near the ice edge, especially those associated with ice-ocean eddies (Plates 1 and 2). 
MESOSCALE ICE MORPHOLOGY BY ACXIVE MICROWAVE
The high-resolution capability of radar makes it the ideal sensor to observe sea ice morphology and motion under all meteorological and lighting conditions. Radar observations can accurately determine floe size distributions, and repetitive mapping of a given area can be used to obtain the detailed ice Figures 5a, 5b, and 5c ). These data show that at the end of MIZEX '84 the ice in the MIZ and the interior pack rapidly opened up and/or melted. The mesoscale maps show large areas of diffuse ice associated with eddies and only small amounts of high-concentration ice. The SMMR maps show very low concentration gradients in the MIZEX area with rapidly decreasing concentrations in the interior pack adjacent to it, which became as low as 50% on July 16. Section 6 will discuss the ocean current and wind forces that created these complex and rapidly changing ice morphologies.
WIND STRESS
The observed MIZ ice morphology results from the combined effects of atmospheric and oceanographic forcing, and of these two, daily synoptic information is available only for the atmospheric forcing. Figures 7 and 8 give the wind stress fields for the day on which each aircraft microwave map was obtained. The wind stress maps were made using direct stress measurements from the various ships, when available, or computed wind stress from wind observations, and finally, where there were no observations, the large-scale pressure maps [Lindsay, 1985] .
The direct wind stress measurements were made from bow masts on the Polar Queen and Halcon Mosby and were made using the dissipation method of Shacher et al. [1981] . Also, profile and eddy correlation measurements from towers on ice floes adjacent to the Polar Queen yielded stress values. When direct stess measurements were unavailable, the bulk method estimated the stress using the drag coefficient and the 10-m wind. Wind measurements, when available, from Polarstern, Kvitbjorn, Valdivia, and Lynch gave additional stress information using the bulk technique.
The value of the drag coefficient C a over areas with sea ice was determined from the SMMR ice concentration maps using the technique of Guest conditions. These data show that the relatively straight edge of July 5 resulted from the moderate winds that occurred during July 2 to 4.
These observations show that regardless of the wind direction, strong winds tend to smooth the large-scale and MIZ morphology, primarily as a result of wind generated shear in the ice pack. The wind-driven ice transport is seldom purely on or off ice, it usually contains a strong component along the ice edge, and $huchman et al. [1987] show from buoy drifts that strong shear occurs in the MIZ during strong winds. In addition, ice transport normal to the ice edge also tends to smooth large-scale features. On-ice transport compacts the ice and produces internal ice stresses that tend to smooth these large scale protrusions. The off-ice component combines with rapid melting as the ice drifts across the polar front into warm The great albedo difference between ice and water and the thin low-level stratus and stratocumulus layers made it possible to visually map the ice edge position, including large plumes and bands. For compact ice edges the edge positions are readily determined, but for difuse edges, determining the edge positions involves subjective criteria. In this study we take the seaward limit of large bands and plumes, such as those shown in the radar images of June 29 and 30 and July 5, 6, 9, 11, 14, and 16, for the ice edge position. The 18 ice edge positions obtained from the aircraft radar, ESMR, and visual observations show that, for diffuse ice edges, the 30% SMMR concentration isopleth best correlates with the ice edge position, while for compact ice edges, the ice edge falls between the 40 and 50% SMMR ice concentratin isopleths.
The Eastern Sector
In the eastern sector, two strong off-ice and on-ice wind events occurred during the experiment, as shown in Figure 9 .
The following describes the effects of these events on the ice conditions, referring first to the SMMR data and then the mesoscale aircraft data. The following discussion also uses the term "ice concentration gradient," which is the percent change in ice concentration divided by the distance over which the change occurs. Hence a compact ice pack will have a concentration gradient greater than that of a diffuse ice pack.
From June 9 to 12, the wind stress time series in Figure 9 shows that strong to moderate off-ice winds occurred. These winds generated seaward motion of the high-concentration ice as shown by the 50-km southward progression of the 90% SMMR ice concentration isopleth and the 50-km decrease in the distance between the 90 and 50% ice concentration isopleths. However, the ice edge advanced southward only 20 km; the advance was limited by rapid melting as the ice entered warm water. The mesoscale maps (Plates 1 and 2) show that on June 9 a very diffuse ice edge existed with a ---40-km-wide zone of ice bands and plumes that had ice concentrations ranging from 10 to 30%. Within the main pack there were many polynyas 5 to 20 km in length with microwave signatures that indicate --, 50% ice concentrations. Three days later, on June 12, the width of the diffuse ice edge had increased to -,,60 km, with many polynyas in the main pack. This morphology resulted from the off-ice winds that occurred during this 2-day period, some of the strongest winds of the experiment. Between June 13 and 18 the winds were light and variable, with little effect on the ice morphology, and the ice edge continued to be diffuse. polynas. The edge zone was compact and nearly linear. The portions of these two images that cover areas west of 3øE will be discussed in the western sector section.
During July 6 through 10, an intense cyclone that moved northward to the east of Svalbard generated the strongest off-ice winds experienced in the eastern sector during the experiment. As Figure 9 shows, these winds caused a rapid decrease of the SMMR ice concentration gradients and advanced the ice edge southward by 35 km. The ice divergence, in the absence of strong ocean currents, results from greater aerodynamic roughness in the edge region than in the interior. Guest and Davidson [this issue] show that the bulk drag coefficient is 40-100% greater near the ice edge than deep within the pack. The on-ice winds of July 10-11 caused the MIZ to shift northward --, 15 km. The strong decrease in ice concentration throughout the eastern sector after July 14 results from low winds and the regional ice melt which reaches its peak at this time.
The above describes a MIZ whose internal morphology rapidly responds to the wind, and the fact that little change is observed during light wind conditions implies weak oceano- Throughout the experiment, the ice morphologies in the western sector (3øE to 8øW) and their response to ocean and wind forces were distinctly different from those in the eastern sector. Figure 10 gives the time series of the SMMR ice concentrations along the transect shown in the June 8 SMMR map in Figure 1 , as well as the wind stress for this sector. In the west, the distance between the 30% and 70% SMMR ice concentration isopleths was typically twice that in the east. Also, within 100 km of the ice edge, ice concentrations of 90% or more rarely occurred, whereas in the east this high concentration always existed within 80 to 100 km of the ice edge.
Another large-scale difference is that the entire western ice pack, the area having >50% SMMR ice concentrations, underwent major changes in ice concentration. From the beginning of the experiment to June 28, the interior had ice concentrations of 80%. From June 28 to July 10, these high conentrations disappeared and then reappeared.
The wind forcing in the west differed from that in the east. As Figures 9 and 10 As the cyclone moved eastward, the winds diminished to moderate levels by July 9. The relaxation of the atmospheric forcing once again allowed the ocean circulation to determine the ice morphology. The mesoscale image of this day ( Figure  4d) shows that the linear and compact ice edge of 2 days earlier had rapidly diffused, and bands and plumes associated with eddies appeared.
From July 10 until the end of the experiment, only light on-ice winds blew in the western sector (Figures 8 and 10) . The SMMR data (Figures 2 and 10 ) and the SLAR mesoscale maps for July 11, 14, and 16 (Figures 5a, 5b, and 5c) The above discussion shows that during MIZEX '84 the mesoscale morphologies in the western sector were determined primarily by ocean circulation, with the one exception of July 7 when the strongest winds of the experiment occurred. The ocean forces also appear to be dominant in the determination of the large-scale morphologies in this sector. Hiikkinen [1986, 1987] has modeled the Fram Strait-Greenland Sea area and finds that the ice motion is governed by three principal components: (1) the East Greenland Current following the continental shelf break and the currents associated with the eddies generated near the Molloy Deep, (2) local wind-generated currents, and (3) the direct wind stress of the wind on the ice. 
